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(57) ABSTRACT

Provided 1s a packaging structure, including an inorganic
packaging layer and an organic packaging layer that are
laminated on a substrate, wherein the organic packaging
layer includes a microstructure layer and a planarization
layer, a refractive index of the planarization layer being
lower than that of the microstructure layer; wherein the
microstructure layer includes a base structure on the 1nor-
ganic packaging layer and a plurality of protrusion structures
spaced apart on a surface of the base structure away from the
inorganic packaging layer; and the planarization layer fills at
least gaps between adjacent protrusion structures, and a side
of the planarization layer away from the inorganic packag-
ing layer 1s of a planar structure.
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PACKAGING STRUCTURE, DISPLLAY PANEL
AND DISPLAY DEVICE INCLUDING

MICROSTRUCTURE LAYER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Chinese Patent Appli-

cation No. 202011035741.5, filed on Sep. 27, 2020 and
entitled “PACKAGING STRUCTURE, DISPLAY PANEL

AND DISPLAY DEVICE,” the entire content of which 1s
incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to the field of display
technologies, and in particular to a packaging structure, a
display panel and a display device.

BACKGROUND

With the rapid development of mobile internet technolo-
gies, organic light emitting diode (OLED) display panels are
increasingly favored in the market.

SUMMARY

The present disclosure provides a packaging structure, a
display panel and a display device.

In a first aspect of embodiments of the present disclosure,
a packaging structure 1s provided. The packaging structure
includes an 1norganic packaging layer and an organic pack-
aging layer that are laminated on a substrate, wherein the
organic packaging layer includes a microstructure layer and
a planarization layer that are sequentially laminated 1n a
direction away from the substrate, a refractive mndex of the
planarization layer being lower than that of the microstruc-
ture layer; the microstructure layer includes a base structure
disposed on the inorganic packaging layer and a plurality of
protrusion structures extending from a surface of the base
structure away from the inorganic packaging layer, and the
plurality of protrusion structures 1s spaced apart on the
surface of the base structure away from the inorganic
packaging layer; and the planarization layer at least fill gaps
between adjacent protrusion structures, and a side of the
planarization layer away from the inorganic packaging layer
1s of a planar structure.

Optionally, a section of the protrusion structure in a first
direction 1s rectangular, and the first direction 1s a direction
in which the plurality of protrusion structures i1s spaced
apart.

Optionally, a ratio of a height of the protrusion structure
in a direction perpendicular to the base structure to a
distance between the adjacent protrusion structures ranges
from 1 to 3.

Optionally, the protrusion structure has at least one of the
following technical features:

distances between the adjacent protrusion structures are
equal;

the protrusion structures have an equal height i1n the
direction perpendicular to the base structure; or

the protrusion structures have an equal width 1n the first
direction.

Optionally, the protrusion structure has at least one of the
tollowing technical features: the distance between the adja-
cent protrusion structures 1s 1 nm to 200 nm; the height of
the protrusion structure in the direction perpendicular to the
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base structure 1s 1 nm to 500 nm; and the width of the
protrusion structure in the first direction 1s 1 nm to 200 nm.

Optionally, a section of the protrusion structure 1n a first
direction 1s triangular, and the first direction 1s a direction 1n
which the plurality of protrusion structures 1s spaced apart.

Optionally, a maximum width of the protrusion structure
in the first direction 1s 200 nm to 1000 nm; and/or the height
of the protrusion structure 1n a direction perpendicular to the
base structure 1s 200 nm to 800 nm.

Optionally, a mimmimum distance between the adjacent
protrusion structures 1s 0 to 200 nm.

Optionally, the microstructure layer 1s made from a trans-
parent organic material with a refractive index higher than
1.5; and/or the planarization layer 1s made from a transparent
organic material with a refractive mndex of 1 to 1.5.

Optionally, the microstructure layer 1s made from acrylic
acid-acrylic resin; and the planarization layer 1s made from
an optical adhesive.

In a second aspect of the embodiments of the present
disclosure, a display panel 1s provided. The display panel
includes a substrate and the packaging structure as defined
in the first aspect.

Optionally, the substrate includes a base layer, as well as
a switching device layer and a light-emitting device layer
sequentially laminated on the base layer, wherein the 1nor-
ganic packaging layer of the packaging structure 1s disposed
on a side of the light-emitting device layer away from the
base layer.

In a third aspect of the embodiments of the present
disclosure, a display device 1s provided. The display device
includes a power supply component and the display panel as
defined 1n the second aspect, wherein the power supply
component 1s configured to supply power for the display
panel.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic structural diagram of a packaging
structure and a substrate that are laminated up according to
an embodiment of the present disclosure;

FIG. 2 1s a schematic structural diagram of a microstruc-
ture layer of a packaging structure according to an embodi-
ment of the present disclosure;

FIG. 3 1s an enlarged diagram of A 1n FIG. 2 according to
an embodiment of the present disclosure;

FIG. 4 1s a top view of a packaging structure according to
an embodiment of the present disclosure;

FIG. 5 1s a schematic structural diagram of another
packaging structure and a substrate that are laminated up
according to an embodiment of the present disclosure;

FIG. 6 1s a schematic structural diagram of a microstruc-
ture layer of another packaging structure according to an
embodiment of the present disclosure;

FIG. 7 1s an enlarged diagram of B in FIG. 6 according to
an embodiment of the present disclosure;

FIG. 8 1s a schematic structural diagram of a display
device according to an embodiment of the present disclo-
SUre;

FIG. 9 1s a flow chart of a method for preparing a
packaging structure according to an embodiment of the
present disclosure; and

FIG. 10 1s a flow chart of a specific process of S200 1n
FIG. 9 according to an embodiment of the present disclo-
sure.

In the drawings, the reference numerals represent the
following components:
10—display panel; 20—power supply component;
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100—substrate; 110—base layer; 120—switching device
layer; 130—Ilight-emitting device layer;

200—packaging structure;

210—first morganic packaging layer;

220—organic packaging layer; 221—microstructure layer;
221a—base structure;

221b—protrusion structure;

222 planarization layer; and

230—second 1organic packaging layer.

DETAILED DESCRIPTION

The present disclosure 1s described 1n detail hereinatter.
Examples of the embodiments of the present disclosure are
illustrated in the accompanying drawings. The same or
similar reference numerals throughout indicate the same or
similar elements or elements with the same or similar
functions. In addition, a detailed description of the known
technology unnecessary for the illustrated features of the
present disclosure can be omitted. The embodiments
described below with reference to the accompanying draw-
ings are examples which are intended for illustration only,
and are not to be construed as limitations to the present
disclosure.

Those skilled i the art will appreciate that all terms
(including technical and scientific terms) used herein have
the same meanings as commonly understood by those of
ordinary skill in the art of the present disclosure, unless
otherwise defined. It should also be understood that terms
such as those defined 1n the general dictionary should be
understood to have the meanings consistent with the mean-
ings 1n the context of the prior art, and will not be interpreted
in an 1dealized or overly formal meaning unless specifically
defined herein.

It’s to be understood by those skilled 1n the art that the
singular forms “a”, “an”, “the” and “said” may also encom-
pass plural forms, unless otherwise stated. It should be
turther understood that the expression “comprise” used 1n
the description of the present disclosure means there exists
a feature, an 1nteger, a step, an operation, an element and/or
a component, but could not preclude the existence or addi-
tion of one or more other features, integers, steps, opera-
tions, elements, components and/or groups therecof. The
expression “and/or” used herein includes all or any one, or
all combinations of one or more listed 1tems that are rel-
evant.

An OLED display panel has the problem of high reflec-
tivity on the surface of the screen, which adversely aflects
the normal display brightness. In order to meet the normal
display requirements, 1t 1s olten necessary to additionally
improve the screen brightness, which increases the entire
power consumption of the display panel.

An embodiment of the present disclosure provides a
packaging structure, capable of improving the brightness of
the screen without increasing the power consumption of the
display panel. The technical solutions of the present disclo-
sure and how the technical solutions of the present disclo-
sure solve the above techmical problem are described in
detail below with specific embodiments.

As shown 1n FIG. 1 and FIG. 2, an embodiment of the
present disclosure provides a packaging structure 200,
including an inorganic packaging layer and an organic
packaging layer 220 laminated on a substrate 100. It can be
understood that the packaging structure 200 generally
includes a plurality of inorganic packaging layers and a
plurality of organic packaging layer 220, which are alter-
nately laminated, and the specific number of layers of the

10

15

20

25

30

35

40

45

50

55

60

65

4

inorganic packaging layers and the organic packaging layers
220 may be set based on actual demands of the packaging
structure 200. In this embodiment, a “sandwich” structure
consisting of one 1norganic packaging layer (illustrated as
the first organic packaging layer 210 in FIG. 1), one
organic packaging layer 220 and another 1norganic packag-
ing layer (illustrated as the second inorganic packaging layer
230 in FIG. 1) 1s 1llustrated. Unless otherwise specified, the
inorganic packaging layer 1n all embodiments of the present
disclosure refers to the first inorganic packaging layer 210.

In order to reduce the retlection effect of the packaging
structure 200 on externally incident light, the organic pack-
aging layer 220 may be designed as a structure including two
film layers with different refractive indexes, namely a micro-
structure layer 221 and a planarnization layer 222. Referring
to FIG. 1, the microstructure layer 221 and the planarization
layer 222 are sequentially laminated in a direction away
from the substrate 100, that 1s, the microstructure layer 221
1s close to the substrate 100 and the planarnzation layer 222
1s away from the substrate 100. In addition, the refractive
index of the planarization layer 222 1s lower than that of the
microstructure layer 221. Thus, light incident into the
organic packaging layer 220 from the outside first enters a
medium with a lower refractive index (an optically thinner
medium) and then enters a medium with a higher refractive
index (an optically denser medium), to avoid total reflection,
such that light can be incident into the packaging structure
200 as much as possible.

As shown 1n FIG. 2, the microstructure layer 221 includes
a base structure 221a on the morganic packaging layer and
a plurality of protrusion structures 22156. The base structure
221a 1s parallel to the substrate 100, and the plurality of
protrusion structures 2215 1s formed by extension of the
surface of the base structure 221a to the side away from the
inorganic packaging layer. The plurality of protrusion struc-
tures 2215 1s spaced apart on the surface of the base structure
221a away from the morganic packaging layer, so that light
incident from the planarization layer 222 may be incident
into the microstructure layer 221 from an area between the
adjacent protrusion structures 2215. The arrows 1n FIG. 1
show an optical path along which the externally incident
light 1s 1ncident from the planarization layer 222 into the
areca between the protrusion structures 2215, that 1s, the
externally incident light 1s blocked in the area between the
adjacent protrusion structures 2215 and finally incident into
the base structure 221a, which further improves the trans-
mittance ol the externally incident light.

In order to maintain the original packaging structure 200,
the protrusion structures 2215 of the microstructure layer
221 are planarized by the planarization layer 222. Referring
to FIG. 1, at least gaps between the adjacent protrusion
structures 2215 are filled with and leveled up by the pla-
narization layer 222, and the side of the planarization layer
222 away from the 1norganic packaging layer 1s of a planar
structure. The side of the planarization layer 222 away from
the 1inorganic packaging layer may be flush with the side of
the protrusion structure 22156 away from the 1norganic
packaging layer, or may completely cover all the protrusion
structures 221b.

Optionally, the base structure 221a and the protrusion
structures 2215 may be integrally formed, or prepared by

film forming and patterning processes.
It can be understood that the substrate 100 1n the present

embodiment may be a display function structure including a

base layer 110, a switching device layer 120, and a light-
emitting device layer 130. Certainly, the substrate 100 may
also be other functional structures based on different struc-




US 11,758,756 B2

S

tures of terminal products. As the substrate 100 does not
aflect the specific structure or function of the packaging
structure 200, the substrate 100 may not be limited 1n the
present embodiment.

In addition, the protrusion structures 2215 in the present
embodiment may be arranged independently (similar to
bosses), or spaced apart 1n a strip-shaped fashion. In various
embodiment of the present disclosure, the strip-shaped pro-
trusion structures 22156 are taken as examples for descrip-
tion, and the length extension direction of the protrusion
structures 2215 may be parallel to the base structure 221a
and the substrate 100.

In the packaging structure 200 provided by the present
embodiment, the organic packaging layer 220 includes the
microstructure layer 221 and the plananzation layer 222
having different refractive indexes, such that light incident
into the organic packaging layer 220 from outside enters a
medium of the microstructure layer 221 with a relatively
high refractive index from a medium of the planarization
layer 222 with a relatively low refractive index, thereby
avoilding total reflection and reducing the reflectivity of the
externally incident light.

The plurality of protrusion structures 2215 1n the micro-
structure layer 221 are spaced apart on the surface of the
base structure 221a away from the inorganic packaging
layer, so that light incident from the planarization layer 222
may be incident ito the microstructure layer 221 from the
arca between the adjacent protrusion structures 2215, and
the 1ncident light may be blocked 1n the microstructure layer
221. Therefore, the transmittance of the externally incident
light may be further improved to increase the display
brightness without increasing the power consumption of the
display panel. The microstructure layer 221 has the effect of
reducing the reflectivity and thus may replace a polaroid,
such that the preparation process 1s simplified. In addition,
the thickness of film layers on the packaging structure 200
1s reduced, which 1s beneficial to the ultra-thin design of the
terminal product.

Optionally, the microstructure layer 221 may be made
from a transparent organic material with a refractive index
higher than 1.5. For example, the microstructure layer 221
may be made from acrylic acid-acrylic resin.

Optionally, the planarization layer 222 may be made from
a transparent organic material with a refractive index of 1 to
1.5. For example, the planarization layer 222 may be made
from an optical adhesive.

Optionally, the inorganic packaging layer close to the
substrate 100 may be made from silicon oxide, and the
inorganic packaging layer on the side of the organic pack-
aging layer 220 away from the substrate 100 may be made
from silicon nitride, such that the packaging reliability can
be guaranteed.

FI1G. 4 15 a top view of a packaging structure according an
embodiment of the present disclosure, and both FIG. 1 and
FIG. 2 may be sectional views of FIG. 4 1n the aa direction.
In addition, to clearly 1illustrate the base structure 221a and
the protrusion structures 2215, different filling patterns are
used to represent the base structure 221a and the protrusion
structures 22156 1n FIG. 4.

In some embodiments, referring to FIG. 4 and continuing
to refer to FIG. 2, each protrusion structure 2215 in the
microstructure layer 221 1s of a strip-shaped structure. It 1s
assumed that the length extension direction of each protru-
s1on structure 2215 1s a second direction (not shown 1n FIG.
2, and the second direction may be a direction perpendicular
to paper and parallel to the substrate 100 1n FIG. 2). The
plurality of protrusion structures 2215 1n this embodiment
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refers to two or more protrusion structures 2215, and a
direction 1n which the plurality of protrusion structures 2215
1s spaced apart 1s set as the first direction, and the first
direction 1s a horizontal direction parallel to the paper, 1n
FIG. 2. The sections of all the protrusion structures 2215 1n
the first direction are rectangular, which 1s equivalent to that
projections ol all the protrusion structures 2216 on the
surtace of the base structure 221a are distributed at intervals
in a strip-shaped fashion. Thus, the protrusion structures
221b can form a light trap structure with a certain depth-
width ratio, and the gap of the light trap structure 1s filled
with the planarization layer 222 with a lower refractive
index.

It’s to be understood that the distance between the adja-
cent protrusion structures 2215 may be the same or diflerent,
and may be specifically set according to actual conditions.

In the present embodiment, the protrusion structures 2215
with the rectangular sections are spaced apart to form a light
trap structure, which can effectively prevent the light inci-
dent 1nto the area between the protrusion structures 2215
from being reflected to the outside of the packaging structure
200, thereby further reducing the reflectivity of the exter-
nally incident light.

Optionally, as shown 1n FIG. 3, a ratio H/d of the height
H of the protrusion structure 2215 in a direction perpen-
dicular to the base structure 221a and a distance d between
the adjacent protrusion structures 2215 ranges from 1 to 5.
Besides, the ratio H/d may include the endpoint values 1 and
3.

In this embodiment, by reasonably setting the ratio of the
height to the distance of the protrusion structures 2215, it 1s
beneficial to block the light incident into the gap of the
protrusion structures 2215 1n the packaging structure, such
that the light may not be easily retlected to the outside of the
packaging structure 200, to further reduce the reflectivity of
the externally incident light. In addition, the process cost and
the preparation difliculty may be reasonably controlled, and
the quality of the packaging film layers may be guaranteed.

Optionally, the distance d between the adjacent protrusion
structures 2215 may be equal, 1.e., the protrusion structures
2215 are uniformly spaced apart. The distance d between the
adjacent protrusion structures 2215 may be set to 1 nm-200
nm, and may include the endpoint values of 1 nm and 200
nm.

Optionally, the height H of each protrusion structure 2215
in the direction perpendicular to the base structure 221a (a
vertical direction parallel to the paper in FIG. 3) may be
equal, that 1s, the sides of the protrusion structures 2215
away Irom the base structure 221a are flush. Therefore, it 1s
beneficial to reduce the process difliculty and improve the
preparation elfliciency. The height H of each protrusion
structure 2215 along the direction perpendicular to the base
structure 221a may be 1 nm to 500 nm, and the height H may
include endpoint values of 1 nm and 500 nm.

Optionally, the width L of each protrusion structure 2215
in the first direction may be equal. The width L of each
protrusion structure 2215 1n the first direction 1s 1 nm to 200
nm, and the width L. may include the endpoint values of 1 nm
and 200 nm.

Optionally, since parameter values such as the width L,
the height H and the distance d of the protrusion structures
221b are all nanoscale, the protrusion structures 2215 of the
microstructure layer 221 may be patterned directly by the
nano-imprinting technology, such that steps may be eflec-
tively reduced, and the preparation efliciency may be
improved, on the premise of meeting the requirements on the
preparation process parameters.
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In some embodiments, with reference to FIG. 5 and FIG.
6, cach protrusion structure 2215 1n the microstructure layer
221 1s of a strip-shaped structure. It 1s assumed that the
length extension direction of each protrusion structure 2215
1s a second direction (not shown in FIG. 6, and the second
direction may be a direction perpendicular to paper and

parallel to the substrate 100 1n FIG. 6). The plurality of
protrusion structures 2215 1n this embodiment refers to two
or more protrusion structures 221b. It 1s assumed that a
direction in which the plurality of protrusion structures 22156
1s spaced apart 1s the first direction, and the first direction 1s
a horizontal direction parallel to the paper in FIG. 6. The
sections of the protrusion structures 2215 in the first direc-
tion may be triangular, which 1s equvalent to that the
protrusion structures 2215 are distributed 1n zigzag struc-
tures on the whole, and the zigzag structures may be
continuously distributed or distributed at intervals on the
surtace of the base structure 221a.

In the present embodiment, the protrusion structure 2215
1s of a strip-shaped structure with a triangular section, which
not only reduces the reflectivity of the externally incident
light, but also increases the emergent area of light below the
packaging structure 200, so that the internal light diverges
and 1s emitted out, thereby increasing the visual angle of the
terminal product.

Optionally, as shown 1n FIG. 7, for the protrusion struc-
ture 2215 with a triangular section 1n the first direction, in
order to comprehensively consider the transmittance of the
externally incident light and the divergence eflect of internal
light, 1t 1s necessary to reasonably control relevant dimen-
sional parameters of the protrusion structure 2215 with the
triangular section.

Optionally, the length W of the base of the triangular
section (1.e., the maximum width of the protrusion structure
2215 1n the first direction) may be 200 nm to 1000 nm, and
may include the endpoint values of 200 nm and 1000 nm.

Optionally, the height h of the trnangular section (1.e., the
height of the protrusion structure 2215 1n a direction per-
pendicular to the base structure 221a) may be 200 nm to 800
nm and may include the endpoint values of 200 nm and 800
nm.

Optionally, for the protrusion structure 2215 with a tri-
angular section in the first direction, the distance d between
the adjacent protrusion structures 2215 may be 0 to 200 nm
and the distance d may include the endpoints values of 0 and
200 nm. It can be understood that when the minimum
distance d between the protrusion structures 2215 1s 0, the
bases of the adjacent triangular sections are connected
together, and there 1s no horizontal transition portion ther-
cbetween 1n the first direction.

Based on the same 1mventive concept, an embodiment of
the present disclosure further provides a display panel.
Continuing to refer to FIG. 1 and FIG. 5, the display panel
includes: a substrate 100 and the aforementioned packaging
structure 200 1n the embodiments of the present disclosure.
The substrate 100 1n the display panel includes a base layer
110, as well as a switching device layer 120 and a light-
emitting device layer 130 sequentially laminated on the base
layer 110. The inorganic packaging layer of the packaging
structure 200 1s disposed on the side of the light-emitting
device layer 130 away from the base layer 110. The switch-
ing device layer 120 may include a plurality of thin film
transistors (TFT). The light-emitting device layer 130 may
include a plurality of light-emitting elements, and the light-
emitting element may be an OLED. That 1s, the display
panel may be an OLED display panel.
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The display panel provided by the present embodiment
includes the atorementioned packaging structure 200. In the
packaging structure, the organmic packaging layer 220
includes the microstructure layer 221 and the planarization
layer 222 with different refractive indexes, such that light
incident mto the organic packaging layer 220 from outside
enters a medium of the microstructure layer 221 with a
relatively high refractive mndex from a medium of the
planarization layer 222 with a relatively low refractive
index, thereby avoiding total reflection and reducing the
reflectivity of the externally incident light.

The plurality of protrusion structures 2215 in the micro-
structure layer 221 are spaced apart on the surface of the
base structure 221a away from the inorganic packaging
layer, so that light incident from the planarization layer 222
may be incident into the microstructure layer 221 from the
area between the adjacent protrusion structures 2215, and
the incident light may be blocked 1n the microstructure layer
221. Therefore, the transmittance of light may be further
improved to increase the display brightness, without increas-
ing the power consumption of the display panel. The micro-
structure layer 221 has an eflect of reducing the reflectivity
and thus may replace a Polaroid. Therefore, the preparation
process 1s simplified, and the thickness of film layers on the
packaging structure 200 1s reduced, which 1s beneficial to an
ultra-thin design of the terminal product.

Based on the same 1mnventive concept, an embodiment of
the present disclosure further provides a display device. As
shown 1 FIG. 8, the display device includes the atoremen-
tioned display panel 10 1n the embodiments and a power
supply component 20. The power supply component 20 1s
configured to supply power for the display panel 10.

The display device provided by the present embodiment
includes the display panel 10 in the foregoing embodiment.
The packaging structure 200 1n the display panel 10 includes
the microstructure layer 221 and the planarization layer 222
with different refractive indexes, so that the light incident
into the organic packaging layer 220 from outside enters a
medium of the microstructure layer 221 with a relatively
high refractive index from a medium of the planarization
layer 222 with a relatively low refractive index, thereby
avoiding total reflection and reducing the reflectivity of the
externally incident light.

The plurality of protrusion structures 2215 1n the micro-
structure layer 221 are spaced apart on the surface of the
base structure 221a away from the inorganic packaging
layer, so that light incident from the planarization layer 222
may be incident into the microstructure layer 221 from the
area between the adjacent protrusion structures 2215, and
the incident light may be blocked 1n the microstructure layer
221. Therefore, the transmittance of light may be further
improved to increase the display brightness, without increas-
ing the power consumption of the display panel. The micro-
structure layer 221 has an eflect of reducing the reflectivity
and thus may replace a Polaroid. Therefore, the preparation
process 1s simplified, and the thickness of film layers on the
packaging structure 200 1s reduced, which 1s beneficial to an
ultra-thin design of the terminal product.

Based on the same iventive concept, as shown in FIG. 9,
an embodiment of the present disclosure provides a method
for preparing a packaging structure 200. The method
includes the following steps.

In S100, a substrate 100 1s provided.

Optionally, the substrate 100 serves as a support carrier of
a packaging structure 200, and may have diflerent structures
for different terminal products. For example, as an OLED
display panel, the substrate 100 may be a display function




US 11,758,756 B2

9

structure including a base layer 110, a switching device layer
120, and a light-emitting device layer 130.

In S200, at least one morganic packaging layer and at least
one organic packaging layer 220 are prepared on the sub-
strate 100, wherein the morganic packaging layer and the
organic packaging layer 220 are prepared alternately.

Optionally, the packaging structure 200 generally
includes a plurality of inorgamic packaging layers and a
plurality of organic packaging layers 220 which are alter-
nately laminated, and the specific number of layers of the
inorganic packaging layers and the organic packaging layers
220 may be set based on actual demands of the packaging
structure 200. The present embodiment 1s 1illustrated by
taking an example 1n which one 1norganic packaging layer
and one organic packaging layer 220 are prepared on the
substrate 100.

In order to reduce the reflection eflect of the packaging
structure 200 on externally incident light, the organic pack-
aging layer 220 may be designed into a structure including
two film layers with different refractive indexes, namely a
microstructure layer 221 and a planarization layer 222. The
microstructure layer 221 1s close to the substrate 100 relative
to the planarization layer 222, and the planarization layer
222 1s away from the substrate 100 relative to the micro-
structure layer 221. In addition, the refractive index of the
planarization layer 222 1s lower than that of the microstruc-
ture layer 221. Therefore, light incident into the organic
packaging layer 220 from outside first enters a medium with
a lower refractive index (an optically thinner medium) and
then enters a medium with a ligher refractive index (an
optically denser medium). Thus, total reflection 1s avoided
and the light can be incident into the packaging structure 200
as much as possible.

The microstructure layer 221 includes a base structure
221a disposed on the mnorganic packaging layer and a
plurality of protrusion structures 221b. The base structure
221a 1s parallel to the substrate 100, and the plurality of
protrusion structures 2215 extends from the surface of the
base structure 221a to the side away from the inorganic
packaging layer. The plurality of protrusion structures 2215
1s spaced apart on the surface of the base structure 221a
away Irom the inorganic packaging layer, so that light
incident from the planarization layer 222 may be incident
into the microstructure layer 221 from the area between the
adjacent protrusion structures 2215 to play a role similar to
that of an optical grating. Thus, the transmittance of light
may be further improved.

To Tfacilitate preparation of other film layers ((another
inorganic packaging layer in this embodiment) on the
organic packaging layer 220, the protrusion structures 2215
of the microstructure layer 221 are planarized by the pla-
narization layer 222. That 1s, at least gaps between the
adjacent protrusion structures 2215 are filled and leveled up
with the planarization layer 222, and the side of the planar-
ization layer 222 away from the inorganic packaging layer
1s of a planar structure. The side of the planarization layer
222 away from the 1norganic packaging layer may be tlush
with the sides of the protrusion structures 2215 away from
the 1norganic packaging layer, or may completely cover the
entire protrusion structures 2215.

By the method for preparing the packaging structure 200
according to the present embodiment, the organic packaging
layer 220 and the 1norganic packaging layer are prepared on
the substrate 100, and the organic packaging layer 220 1s
provided with the microstructure layer 221 and the planar-
ization layer 222 with different refractive indexes. There-
fore, light incident into the organic packaging layer 220
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from outside enters a medium of the microstructure layer
221 with a relatively high refractive index from a medium of
the planarization layer 222 with a relatively low refractive
index, so that total reflection may be avoided and the
reflectivity of the externally incident light may be reduced.

The plurality of protrusion structures 2215 in the micro-
structure layer 221 are spaced apart on the surface of the
base structure 221a away from the inorganic packaging
layer, so that light incident from the planarization layer 222
may be incident into the microstructure layer 221 from the
area between the adjacent protrusion structures 2215, and
the incident light may be blocked 1n the microstructure layer
221. Therelfore, the transmittance of light may be further
improved to increase the display brightness. The microstruc-
ture layer 221 has an effect of reducing the reflectivity and
thus may replace a Polaroid. Therefore, the preparation
process 1s simplified, and the thickness of film layers on the
packaging structure 200 1s reduced, which 1s beneficial to an
ultra-thin design of the terminal product.

Based on the contents of the foregoing embodiment of the
present disclosure, as shown i FIG. 10, after a substrate 1s
provided, step S200 includes the following steps.

In S201, an inorganic packaging layer 1s prepared on the
substrate 100.

Optionally, the morganic packaging layer may be pre-
pared by a deposition process, such as plasma enhanced
chemical vapor deposition (PECVD) or atomic layer depo-
sition (ALD). The morganic packaging layer may be made
from silicon oxide.

In S202, an organic film layer 1s deposited on the side of
the mmorganic packaging layer away from the substrate 100.

Optionally, an organic film layer 1s deposited on the
inorganic packaging layer. The organic film layer 1s made
from a transparent material and thus does not aflect the
display eflect. The organic film layer may be prepared by an
ink-jet printing process.

In 5203, the organic film layer 1s patterned by a nano-
imprinting method to acquire a base structure 221q and a
plurality of nano-scaled protrusion structures 2215b.

Optionally, 1n order to set relevant size parameters of the
protrusion structures 2215 1n the microstructure layer 221 to
nanoscale, 1 the present embodiment, a pre-prepared nano-
imprinting template 1s used to imprint the organic film layer
by the nano-imprinting process, to acquire the plurality of
nano-scaled protrusion structures 2215. The portion of the
organic {ilm layer which 1s not imprinted by the imprinting
template 1s the base structure 221a.

In S204, a planarization layer 222 1s prepared on the base
structure 221a and the protrusion structures 2215, so that the
planarization layer 222 at least {ills areas on two side of the
protrusion structure 221b.

Optionally, 1n order to facilitate preparation of other film
layers on the packaging structure 200, the protrusion struc-
tures 2215 of the microstructure layer 221 are planarized by
the planarization layer 222. That 1s, at least gaps between the
adjacent protrusion structures 2215 are filled and leveled up
with the planarization layer 222, and the side of the planar-
ization layer 222 away from the inorganic packaging layer
1s of a planar structure. The side of the planarization layer
222 away from the morganic packaging layer may be flush
with the sides of the protrusion structures 2215 away from
the morganic packaging layer, or completely cover the entire
protrusion structures 2215b.

The embodiments of the present disclosure at least have
the following technical eflects.

1. By designing the organic packaging layer into the
microstructure layer and the planarization layer with differ-
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ent refractive indexes, light incident into the organic pack-
aging layer from outside enters a medium of the microstruc-
ture layer with a relatively high refractive index from a
medium of the planarization layer with a relatively low
refractive index, thereby avoiding total reflection and reduc-
ing the retlectivity of the externally incident light. The
plurality of protrusion structures 1n the microstructure layer
are spaced apart on the surface of the base structure away
from the inorganic packaging layer, so that light incident
from the planarization layer may be incident into the micro-
structure layer from the area between the adjacent protrusion
structures, and the incident light may be blocked in the
microstructure layer. Therefore, the transmittance of light
may be further improved to improve the display brightness
without increasing the power consumption of the display
panel. The microstructure layer has an effect of reducing the
reflectivity and thus may replace a polaroid, such that the
preparation process 1s simplified, and the thickness of film
layers on the packaging structure 1s reduced, which 1is
beneficial to an ultra-thin design of the terminal product.

2. The protrusion structure with a rectangular section can
cllectively prevent light incident into the area between the
protrusion structures from being reflected to the outside of
the packaging structure, thereby further reducing the reflec-
tivity of the externally incident light.

3. By reasonably setting the ratio of the height of the
protrusion structure to the distance between adjacent pro-
trusion structures, on the one hand, 1t 1s beneficial to block
the light incident into the gap between the protrusion struc-
tures 1n the packaging structure, such that light 1s not easily
reflected to the outside of the packaging structure, thereby
turther reducing the reflectivity of the externally incident
light; and on the other hand, the process cost and the
manufacturing difliculty may be reasonably controlled, and
the quality of the packaging film layers can be guaranteed.

4. The protrusion structure with a triangular section not
only reduces the reflectivity of the externally incident light,
but also increases the emergent area of light below the
packaging structure, so that the internal light diverges and 1s
emitted out, thereby increasing the visual angle of the
terminal product.

In the descriptions of the present disclosure, it 1s to be
understood that orientation or positional relationship indi-
cated by the terms “center”, “on”, “below”, “ifront”, “back”,
“lett”, “night”, *“vertical”, “horizontal”, *“top”, “bottom”,
“inside”, “outside”, and the like are shown based on the
drawings, and are only intended for describing the present
disclosure and simplifying descriptions, instead of indicat-
ing or implying that the specified device or element has to
be specifically disposed or structured and operated 1n a
specific direction, and therefore, should not be construed as
limiting the present disclosure.

The terms “first” and “second” are only for the purpose of
description and should not be construed as indicating or
implying relative importance or implicitly indicating the
number of technical features indicated. Thus, the features
defined by the terms “first” and “second” may include one
or more of the features either explicitly or implicitly. In the
description of the present disclosure, the term “plurality™
means two or more, unless otherwise specified.

In the description of the present disclosure, unless other-
wise speciflied and limited, the terms “mount”, “connected
with” and “connected to” should be understood 1n broad
sense. For example, connection may be fixed connection,
detachable connection or integrated connection; and may be
direct connection, or indirect connection via an intermedia-

tion, and may be internal communication between two
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clements. Those of ordinary skill in the art shall understand
the specific meaning of the above terms 1n accordance with
specific conditions.

In the description of the present disclosure, the particular
features, structures, materials or characteristics can be com-
bined 1n a proper manner in any one or more embodiments
or examples.

The above descriptions are merely some embodiments of
the present disclosure. It should be noted that those of
ordinary skill in the art can make improvements and modi-
fications without departing from the principle of the present
disclosure, and these improvements and modifications shall
tall within the protection scope of the present disclosure.

What 1s claimed 1s:

1. A packaging structure, comprising an inorganic pack-
aging layer and an organic packaging layer laminated on a
substrate, wherein the organic packaging layer comprises a
microstructure layer and a plananzation layer that are
sequentially laminated in a direction away from the sub-
strate, a refractive index of the planarization layer being
lower than a refractive index of the microstructure layer;

wherein the microstructure layer comprises a base struc-

ture on the morganic packaging layer and a plurality of
protrusion structures extending from a surface of the
base structure away from the inorganic packaging
layer, the plurality of protrusion structures being spaced
apart on the surface of the base structure away from the
inorganic packaging layer; and

the planarization layer at least fills gaps between adjacent

protrusion structures, and a side of the planarization
layer away from the inorganic packaging layer 1s of a
planar structure.

2. The packaging structure according to claim 1, wherein
a section of the protrusion structure 1 a first direction 1s
rectangular, the first direction being a direction in which the
plurality of protrusion structures 1s spaced apart.

3. The packaging structure according to claim 2, wherein
a ratio of a height of the protrusion structure in a direction
perpendicular to the base structure to a distance between the
adjacent protrusion structures ranges from 1 to 3.

4. The packaging structure according to claim 3, wherein
the protrusion structure has at least one of the following
technical features:

distances between the adjacent protrusion structures are

equal;

the protrusion structures have an equal height 1n the

direction perpendicular to the base structure; or

the protrusion structures have an equal width in the first

direction.

5. The packaging structure according to claim 4, wherein
the height of the protrusion structure in the direction per-
pendicular to the base structure 1s 1 nm to 500 nm.

6. The packaging structure according to claim 4, wherein
the width of the protrusion structure in the first direction 1s
1 nm to 200 nm.

7. The packaging structure according to claim 4, wherein
the distance between the adjacent protrusion structures 1s 1
nm to 200 nm.

8. The packaging structure according to claim 7, wherein
the height of the protrusion structure in the direction per-
pendicular to the base structure 1s 1 nm to 500 nm, and the
width of the protrusion structure 1n the first direction 1s 1 nm
to 200 nm; and

the microstructure layer 1s made from acrylic acid-acrylic

resin, and the planarization layer 1s made from an
optical adhesive.
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9. The packaging structure according to claim 1, wherein
a section ol the protrusion structure in a first direction 1s
triangular, the first direction being a direction in which the
plurality of protrusion structures 1s spaced apart.

10. The packaging structure according to claim 9, wherein
a maximum width of the protrusion structure in the first
direction 1s 200 nm to 1000 nm.

11. The packaging structure according to claim 10,
wherein a mmimum distance between the adjacent protru-
sion structures 1s O nm to 200 nm, and a height of the
protrusion structure 1n a direction perpendicular to the base
structure 1s 200 nm to 800 nm; and

the microstructure layer 1s made from acrylic acid-acrylic

resin, and the planarization layer 1s made from an
optical adhesive.

12. The packaging structure according to claim 9, wherein
a mimmum distance between the adjacent protrusion struc-
tures 1s 0 nm to 200 nm.

13. The packaging structure according to claim 9, wherein
a height of the protrusion structure in a direction perpen-
dicular to the base structure 1s 200 nm to 800 nm.

14. The packaging structure according to claim 1, wherein
the microstructure layer 1s made from a transparent organic
material with a refractive index higher than 1.5.

15. The packaging structure according to claim 14,
wherein the microstructure layer 1s made from acrylic acid-
acrylic resin.

16. The packaging structure according to claim 14,
wherein the planarization layer 1s made from an optical
adhesive.

17. The packaging structure according to claim 1, wherein
the planarization layer 1s made from a transparent organic
material with a refractive mndex of 1 to 1.5.

18. A display panel, comprising a substrate and a pack-
aging structure;

wherein the packaging structure comprises an inorganic

packaging layer and an organic packaging layer lami-
nated on the substrate, the organic packaging layer
comprising a microstructure layer and a planarization
layer that are sequentially laminated in a direction away
from the substrate, a refractive index of the planariza-

tion layer being lower smaller than a refractive index of

the microstructure layer; wherein
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the microstructure layer comprises a base structure on the
iorganic packaging layer and a plurality of protrusion
structures extending from a surface of the base struc-
ture away from the inorganic packaging layer, the
plurality of protrusion structures being spaced apart on
the surface of the base structure away from the 1nor-
ganic packaging layer; and

the planarization layer at least fills gaps between adjacent

protrusion structures, and a side of the planarization
layer away from the inorganic packaging layer 1s of a
planar structure.

19. The display panel according to claim 18, wherein the
substrate comprises a base layer, as well as a switching
device layer and a light-emitting device layer sequentially
laminated on the base layer, and the inorganic packaging
layer of the packaging structure 1s on a side of the light-
emitting device layer away from the base layer.

20. A display device, comprising a power supply compo-
nent and a display panel, wherein the power supply com-
ponent 1s configured to supply power for the display panel,
and the display panel comprises a substrate and a packaging
structure;

wherein the packaging structure comprises an 1norganic

packaging layer and an organic packaging layer lami-
nated on the substrate, the organic packaging layer
comprising a microstructure layer and a planarization
layer that are sequentially laminated in a direction away
from the substrate, a refractive index of the planariza-
tion layer being lower than a refractive index of the
microstructure layer;

wherein the microstructure layer comprises a base struc-

ture on the 1norganic packaging layer and a plurality of
protrusion structures extending from a surface of the
base structure away Irom the inorganic packaging
layer, the plurality of protrusion structures being spaced
apart on the surface of the base structure away from the
inorganic packaging layer; and

the planarization layer at least fills gaps between adjacent

protrusion structures, and a side of the planarization
layer away from the inorganic packaging layer 1s of a
planar structure.
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